Envelope fraction I prepared from a 0X174 sensitive host, KD4301, showed a strong eclipsing activity, while the lipopolysaccharide (LPS) fraction showed a weak activity. The eclipsing activity in envelope fraction I was sensitive to heat treatment, while that in the LPSfraction was insensitive. Whenthe complete phage particles (1 14S) were treated with envelope fraction I, the eclipsed particles (70S) and a rapidly sedimenting component were obtained, but when they were treated with LPS, only 70S eclipsed particles were obtained. Electron microscopic observation showed that there were two types of eclipsed particles formed on treatment with fraction I; in one of them phage DNAwas extruded from the phage particles as a thick bundle, and in the other more than 95% of the phage DNAwas extruded from the phage particles. The rapidly sedimenting component was the membrane-eclipsed particle complex. LPS gave only one type of eclipsed particles in which DNA was extruded as a thick bundle. These results indicate that a heat labile componentin the cell envelopes other than LPSis involved in the extrusion of 0X174DNA.
Bacteriophage 0X174 is an icosahedral particle carrying a spike at each of the vertices. 0X174 multiplication starts with infection. The early stages of infection with 0X174 can be separated into three major stages: attachment, eclipsing and complete penetration of phage DNA.1} The attachment stage is the process of reversible binding between phage particles and lipopolysaccharide (LPS) receptor sites. At 15°C or below, only the attachment stage occurs and 100% of the attached phages can be recovered from the cell surface by elution with borate-EDTA buffer as fully infective particles, complete phage particles. The cell envelopes of Enterobacteriaceae (E. coli, S. typhimurium) consist of an outer membrane, a peptidoglycan-lipoprotein complex and an inner membrane.3) The main structural componentsof the outer membrane are proteins, LPS and phospholipids. The outer membrane acts as the initial permeability barrier of the cells and also as a receptor for bacteriophages and bacteriocins.4~14) Some bac- Preparation of cell envelopes. The preparation of cell envelopes was carried out by slight modification of the procedures described by Osborn et al.m E. coli KD4301 cells were grown with shaking to 1 x 108 cells per ml at 37°C in 1 liter of PPG medium containing 50/zg/ml of thymine. The cells were collected by centrifugation at room temperature for 30min at 3,000 xg, suspended in 10ml of Tris-HCl buffer containing 0.75 m sucrose, and chilled on ice. Lysozyme was added to the cell suspension to a final concentration of 80 /^g/ml, and the mixture was allowed to stand at 2°C for 2 min. Tris-HCl buffer containing 1.5 him ethylenediaminetetraacetic acid disodium salts (EDTA) (20 ml) was gradually added to the mixture at 2°C over a period of8 to 10min. The spheroplasts formed were broken by sonication in an ice bath. The unbroken cells were removed by centrifugation at 2°C for 20min at 1,500x g. The supernatant was dialyzed against 2 liters ofTris-5 him Ca, Mgbuffer at 4°C for 15hr. The cell envelopes in the dialysate were collected by centrifugation at 4°C for 1 hr at 100,000 x g in an RPS40Trotor of a Hitachi ultracentrifuge and suspended in 4ml of Tris-HCl buffer containing 0.25m sucrose (Envelope fraction I). Envelope fraction I contained 5mg/ml of LPS and 8mg/ml of protein, but did not contain viable cells. Envelope fraction I diluted appropriately with Tris-5him Ca, Mg buffer was used in the following experiment.
Preparation of LPS. LPS of E. coli KD4301 was prepared by the procedures of Galanos et al. 19 ) Lyophilized LPS was weighed out and dissolved in Tris-HCl buffer containing 1.5 mMEDTA at a final concentration of 5 mg/ ml (LPS fraction).
LPS fraction diluted appropriately with Tris-5mM Ca, Mg buffer was used in the following experiment.
Heat treatment of intact cells, envelope fraction I and LPS fraction. E. coli KD4301 cells were grown with shaking to 1x108 cells/ml at 37°C in 10ml of PPG medium containing 1 mMCaCl2 and 50//g/ml of thymine. The cells were collected by centrifugation at room temperature for 15min at 3,000xg, washed twice with an equal volume of Tris-5mM Ca, Mg buffer, and resuspended in 10ml of the same buffer. The cell suspension was divided into four portions (0.9ml each), which were heated at 100°C for 0, 15, 30 and 60min, respectively, and then allowed to stand at roomtemperature. Five portions (0.9 ml each) of envelope fraction I were heated at 100°C for 0, 5, 10, 30 and 60min, respectively, and then allowed to stand at room temperature. Two portions (0.9 ml each) of LPS fraction were heated at 100°C for 0 and 60min, respectively, and then allowed to stand at roomtemperature.
Assay for phage eclipse kinetics. The cell suspension, envelope fraction I or PLS fraction was incubated at 37°C for 30min. 0X174<zra3 (0.1 ml) was added to the mixture (0.9ml) at a titer of 3 x 107 plaque forming units (PFU) per ml followed by incubation at 37°C. At various intervals, eclipsing was monitored. The procedures were essentially the same as those described by Newbold and Sinsheimer.20) Neutral sucrose density gradient analysis ofphage conformational change. Envelope fraction I (90 fi\) or LPS fraction (90/il) was incubated at 37°C for lOmin. 0X174am3 (10 /d) or 32P-labeled cj)Xll4am3 (10 /n\) was added to each fraction and the mixture (100 /nl) was incubated at 37°C for Phage eclipsing proceeded at a reduced rate with incubation time ( Fig. 1 ) and with increasing concentration of the LPS fraction (Fig. 2) .
These results indicate that envelope fraction I contains a componentshowingstrong eclipsing activity other than LPS. Envelope fraction I or LPS fraction, suspended in Tris-5mMGa, Mg buffer, was incubated at 37°C for 30 min.
Eclipsing was monitored at 0, 10, 20 and 30 min after addition of the phage. 0.1 ml sample was removed from the reaction mixture, diluted 100-fold with borate buffer containing 10 mMEDTA(borate-EDTA buffer) saturated with chloroform at 0°C, and stirred vigorously with a Vortex mixer for 30 sec. Further Eclipsing was prevented by the low temperature and EDTA.The uneclipsed particles and eclipsed particles were eluted from the cell surface with borate-EDTA buffer. The titer of phage in borate-EDTAbuffer represents the residual and uneclipsed phages. The amount of LPS in envelope fraction I was determined by the procedure described by Osborn et ai.,l8) and the concentration of LPS in envelope fraction I was adjusted to the same concentration as that of the LPS fraction for comparison. Symbols: O-O, Env. I 50, envelope fraction I containing 50/ig/ml of LPS; A-A, Env. I 10, envelope fraction I containing 10^g/ml of LPS; #-å #, LPS 50, LPS fraction containing 50 /ig/ml of LPS; A-A, LPS 10, LPS fraction containing 10 /ig/ml of LPS. activity in intact cells by heat treatment. The eclipsing activity decreased remarkably with increasing time of heat treatment, but was not completely lost even whenheat treatment was carried out for more than 60min at 100°C (data not shown). Figure 4 shows the inactivation of eclipsing activity in envelope fraction I on heat treatment. Envelope fraction I contained 25/xg/ml of LPS and 40/ig/ml of protein. The results were similar to those for intact cells. When envelope fraction I was heated, the eclipsing activity decreased remarkably, but weak elipsing activity still remained in envelope fraction I (Fig. 4) . On the other hand, when LPS fraction was heated at 100°C for 60min, the eclipsing activity was not influenced (Fig. 5 ). The LPS fraction showed weak elipsing activity even in the presence of a high concentration of LPS (200 /ig/ml). Time (min) Fig. 3 
Heat inactivation of eclipsing activity in intact cells, envelope fraction I and LPS fraction

. Heat Inactivation of the Eclipsing Activity in Intact
Cells. Heat treatment of intact cells was performed as described in Materials and Methods. Eclipsing was monitored at 0, 5, 10, 20 and 30 min after addition of (/>X174am3. The experimental procedure is described in the legend to Fig. 1 .
Symbols:
O-O, control (without heat treatment); A-A, heat treatment for 15 min; A-A, heat treatment for 30 min; å¡-Q, heat treatment for 60 min. #-0, heat treatment for 5 min; A-A» heat treatment for 10 min; A-A, heat treatment for 30 min; å¡-å¡, heat treatment for 60 min. The difference in eclipsing activity between envelpe fraction I and LPS fraction was examined by sucrose density gradient analysis, as it is known that conformational change in phage particles (conversion of a 114S intact phage particle into a 70S eclipsed particle) is observed when 0X174 is incubated with host cells or cell envelopes.1'23) The results are shownin Fig. 6 . When 32P-labeled <fiX174am3 was treated with envelope fraction I at 37°C for 30min, three radioactive peaks were observed which cosedimented with the 70S component, the 1 14S component and a more rapidly sedimenting component(fraction numbers 1 to 5) than 114S (Fig. 6A ). When the phage was treated with LPS fraction at 37°C for 30min, two Even when eclipsed particles were eluted with EDTA from cell envelopes, they still associated with small membrane vesicles (Fig.   7C ). This complex resistant to EDTA-elution is considered to be the membrane-eclipsed particle complex described above.
0X174 was treated with envelope fraction I and the mixture was sedimented by sucrose density gradient centrifugation. After fractionation, several fractions in the neighbourhood of the 70S peak were dialyzed carefully and the 70S component was visualized with an electron microscope ( Figs. 7D and 7E) . The 70S component was the eclipsed particle which was completely eluted with EDTAfrom cell envelopes. Two types of eclipsed particles were observed; one with the phage DNAextruded from the phage particle as a single thick bundle (Fig. 7D) , and the other with more than 95% of the whole phage DNAextruded from the phage particle as a thick bundle having branches whose thickness corresponded to more than twofold the thickness of phage SS DNA (Fig. 7E ). In both cases the DNAextrusion was observed to occur at a single spike of the phage particle (Fig. 7E ). When the phage particles treated with LPS fraction were sedimented, fractionated and dialyzed carefully, the 70S component obtained was eclipsed particles in which only a part of the phage DNAwas extruded as a bundle (Fig. 7F ). Figure 7G shows intact phage particles having complete spikes.
These results indicate that phage particles are extremely changed in conformation on treatment with envelope fraction I having very strong eclipsing activity, and the extruded phage DNA binds to membrane vesicle to and (E): After 4>X\14am3 and envelope fraction I (LPS concentration; 250/jg/ml) were incubated, the reaction was stopped by addition of EDTA as described above. The sample was layered onto a sucrose gradient and the gradient was centrifuged as described in Materials and Methods. After fractionation, the desired fractions (several fractions in the neighbourhood of the 70S peak) that corresponded to the radioactive distribution in Fig. 6A were dialyzed against 50mMTris-HCl buffer (pH 7.6) containing 0.5 m NaCl and 3 him EDTA,and the 70S component was prepared carefully as described in Materials and Methods. The sample was visualized by the procedures ofYazaki.21) (F): The procedures were essentially the same as those described in the legend to form the membrane-eclipsed particle complex, but the phage DNAwas hardly extruded on treatment with LPS fraction having weak eclipsing activity.
These results seems to also indicate that the DNAextrusion occurs at a single spike of the phage particle.
DISCUSSION
Lipopolysaccharide
(LPS) is considered to be the receptor for bacteriophage 0X174, since recognition by 0X174 of LPS isolated from a sensitive strain ofE. coli C or S. typhimurium is sufficient to inactivate the phage and to cause the conformational change of the phage into eclipsed particles.24' 25* But it has been reported that componentsother than LPSin the outer membraneare involved in the early stages of infection with 0X174.15'23'26* The cell envelopes of intact cells possess a native eclipsing activity. The eclipsing activity in envelope fraction I was very strong (Figs. 1 and 2), but decreased remarkably on heat treatment (Fig. 4) . On the other hand, the eclipsing activity in LPS fraction was not influenced by heat treatment (Fig.  5 ).
Therefore a heat labile componentother than LPS might be involved in expression of the native eclipsing activity ( Figs. 3 and 4 
